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WAVELENGTH DISPERSIVE FOURIER 
TRANSFORM SPECTROMETER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
Application No. 60/608,369, ?led Sep. 10, 2004, Which is 
incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates generally to spectrometers. 
More particularly, the present invention relates to Wave 
length-dispersive Fourier transform spectrometers. 

BACKGROUND OF THE INVENTION 

Recent trends in the telecommunication industry have 
been toWards optical Wavelength multiplexing for increasing 
bandWidth, and toWards miniaturization of components and 
modules for higher integration. The particular case of spec 
trometers, including micro-spectrometers, in this and other 
industries has not escaped these tendencies. 

In spectroscopy applications in general, i.e. in applica 
tions Where Wavelength separation and/or combination are 
required, several types of spectrometers are available. They 
include grating-based spectrometers, scanning Fourier trans 
form spectrometer, and dispersive Fourier transform spec 
trometers. 
An example of a grating-based spectrometer is that of the 

USB2000 model manufactured by Ocean Optics Inc. of 
Dunedin, Fla. It uses standard bulk optics, including a bulk 
grating, mounted in a relatively small package that can 
interface With a computer. More advanced micro-spectrom 
eters using gratings include those With gratings formed by a 
LIGA process (x-ray lithography and micro-electroplating), 
such a micro-spectrometer being described by P. Krippner et 
al. in Proc. SPIE Vol. 2783, pp. 277-282, 1996. These 
grating-based spectrometers require taxing fabrication pro 
cesses (LIGA process) and/or precise assembly of several 
bulk optics components such as gratings, mirrors, lenses and 
beamsplitters/combiners. Further, increasing the resolution 
of this type of grating-based spectrometers typically 
involves reducing the Width of the entrance aperture (and the 
Width of the exit aperture When present) or, more generally, 
increasing the F/# of the spectrometer. This leads to a 
reduction of light gathering ef?ciency, also knoWn as éten 
due, Which in turn yields higher acquisition time and/or 
spectra With a relatively loW signal to noise ratio. 
On the other hand, scanning Fourier transform spectrom 

eters usually have large étendue and provide high resolution 
spectra. HoWever, such bene?ts come at the cost of having 
one or more scanning elements, i.e. moving parts, Which is 
an undesirable feature in applications Where ease of manu 
facturing, ruggedness and loW maintenance are desirable. 
Additionally, suf?cient scanning amplitude of the scanning 
elements is required to obtain good spectral resolution. An 
example of a scanning Fourier transform spectrometer is 
given by O. ManZardo et al. in Optics Letters, Vol. 29, No. 
13, Pp. 1437-1439, 2004. There, a micro-electro-mechanical 
system (MEMS) is used to form a miniature lamellar grating 
interferometer. HoWever, the limited displacement ampli 
tude of the moving elements (approximately 100 um) fails to 
provide good spectral resolution. 

Wavelength dispersive Fourier transform spectrometers 
have been disclosed in, for example, US. Pat. No. 5,059,027 
issued Oct. 22, 1991, incorporated herein by reference. 
There, a collimating means is used to illuminate a diffraction 
grating-based dispersive tWo-beam interferometer, Which 
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2 
provides, for a given Wavelength, tWo Wavefronts at its 
output, the Wavefronts generally being at an angle With each 
other. The interference pattern formed by the tWo Wavefronts 
is detected and analyZed to provide the spectral signal of the 
input light beam. 

Harlander et al., in Applied Optics, vol. 41, pp. 1343 
1352, 2002 also discloses a Wavelength dispersive compact 
Fourier transform spectrometer, Which can have a large 
spectral resolution. The spectrometers of US. Pat. No. 
5,059,027 and of Harlander et al. includes collimating optics 
and a beamsplitter/combiner together With diffraction grat 
ings and prisms. These optical elements involve delicate 
alignment, increase manufacturing complexity and do not 
easily lend themselves to miniaturiZation. 

Accordingly, it is noted that diffraction grating-based 
spectrometers With high resolution have poor étendue. Fur 
ther, scanning Fourier transform spectrometers commonly 
include moving parts requiring relatively large displacement 
amplitude to obtain high spectral resolution. Still further, 
existing dispersive Fourier transform spectrometers require 
collimating optics With beamsplitters/combiners, Which 
increase manufacturing complexity. Therefore, it is desirable 
to provide a spectrometer having large étendue and high 
resolution While including a minimum number of collimat 
ing optics and beamsplitters/combiners, and being free of 
moving parts. Yet still further, it is also desirable to provide 
a spectrometer having the above-mentioned characteristics 
in addition to having a small form factor. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to obviate or 
mitigate at least one disadvantage of previous spectrometers, 
micro-spectrometers, multiplexing/demultiplexing products 
and other similar devices. 

In a ?rst aspect, the present invention provides a spec 
trometer for analyZing an optical signal. The spectrometer 
comprises an input port for receiving the optical signal and 
tWo interleaved Wavelength dispersive devices for receiving 
the optical signal from the input port and for dispersing the 
optical signal. 

In a further embodiment, there is provided a method of 
determining the spectrum of an optical signal. The method 
comprises steps of illuminating tWo interleaved dispersive 
devices, detecting a dispersed light signal from the inter 
leaved dispersive devices and analyZing the dispersed light 
signal. The step of analyZing the dispersed light signal 
including performing a Fourier transform of the dispersed 
light signal. 

In a further aspect, the present invention provides a 
spectrometer for analyZing an optical signal. The spectrom 
eter comprises an input port for receiving the optical signal 
and a multi-facet prism element for receiving the optical 
signal form the input port. The multi-facet prism element is 
also for dispersing the optical signal, and for producing a 
dispersed optical signal having tWo distinct Wavefronts. 

Other aspects and features of the present invention Will 
become apparent to those ordinarily skilled in the art upon 
revieW of the folloWing description of speci?c embodiments 
of the invention in conjunction With the accompanying 
?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the present invention Will noW be 
described, by Way of example only, With reference to the 
attached Figures, Wherein: 

FIG. 1 is a depiction of an arrangement of optical ele 
ments of a dispersive Fourier transform spectrometer 
embodiment of the present invention functioning in a trans 
mission geometry; 



US 7,317,535 B2 
3 

FIG. 2a is a depiction of the embodiment of FIG. 1 further 
including planar Waveguides; 

FIG. 2b is depiction of the embodiment of FIG. 211 further 
including a multi-facet planar element for Wavelength dis 
persion; 

FIG. 3a is a depiction of an embodiment of the present 
invention With tWo interleaved arrayed Waveguides func 
tioning in a transmission geometry; 

FIG. 3b is a depiction of individual Waveguides y-coupled 
at one end; 

FIG. 30 is a depiction of photonic bandgap Waveguides 
sections; 

FIG. 3d is a depiction of Waveguide arrays having prating 
structures formed therein; 

FIG. 3e is a depiction of Waveguide arrays having reso 
nators formed therein; 

FIG. 4 is a depiction of an arrangement of optical ele 
ments of a dispersive Fourier transform spectrometer 
embodiment of the present invention functioning in a re?ec 
tion geometry; 

FIG. 5 is a depiction of the embodiment of FIG. 4 With 
tWo interleaved arrayed Waveguides functioning in a re?ec 
tion geometry; 

FIGS. 6a and 6b are depictions of the embodiment of FIG. 
4 With tWo interleaved arrayed Waveguides With each input 
end of individual Waveguides disposed on an arc of circle 
and With an off-axis re?ector for illuminating a read-out 
device; 

FIGS. 60, 6d and 6e are top and cross-sectional vieWs of 
an input Waveguide adjoining a planar Waveguide; 

FIG. 7 is a depiction of the pitch, angle and length 
increment betWeen individual Waveguides of the embodi 
ment of FIGS. 6a and 6b; 

FIG. 8 is a depiction of an embodiment of FIG. 4 With tWo 
interleaved arrayed Waveguides With each input end of 
individual Waveguides disposed on an arc of circle and With 
lens for illuminating a read-out device; 

FIGS. 9a and 9b are respectively a simulated interfero 
gram and its corresponding Wavelength spectrum; and 

FIGS. 10a and 10b are respectively a simulated interfero 
gram and its corresponding Wavelength spectrum. 

DETAILED DESCRIPTION 

Generally, the present invention provides a method and a 
spectrometer for the spectral analysis of an optical signal 
directed to a tWofold Wavelength dispersive device. For a 
single Wavelength, the optical signal exiting the tWofold 
dispersive device includes tWo Wavefronts generally at an 
angle to one another to produce an interference pattern. The 
interference pattern is detected and subsequently analyZed 
via a Fourier transform to produce the optical spectrum of 
the input beam. 

Most of the disclosed embodiments of the present inven 
tion Will be illustrated as being based on optical phased 
arrays or arrayed Waveguide technology, the basic principles 
of Which are presented by M. K. Smit in IEEE Journal of 
Selected Topics in Quantum Electronics, Vol. 2, No. 2, Pp. 
236-250, June 1996. Furthermore, embodiments of the 
present invention Will be illustrated in terms of arrayed 
Waveguide spectrometers preferably formed by a silicon on 
insulator (SOI) process, as is knoWn in the art and described 
by, for example, P. Cheben et al. in “Scaling doWn photonic 
devices for optical communications: VLSI Circuits and 
Systems”, SPIE Proc. 5117, pp. 147-156, 2003; D.-X. Xu et 
al., “Prospects and challenges for microphotonic Waveguide 
components based on Si and SiGe”, 206th Meeting of the 
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4 
ECS, SiGe: Materials, Processing and Devices, HaWaii, Oct. 
2-8, 2004, The Electrochemical Society Proc. vol. 2004-07, 
619-633, 2004; W. Bogaerts et al., in “Basic structures for 
photonic integrated circuits in Silicon-on-insulator”, Optics 
Express 12(8), p. 15831591, 2004; and by G. T. Reed and A. 
P. Knights in “Silicon PhotonicsiAn Introduction”, John 
Wiley & Sons (2004). HoWever, as Will be understood by a 
skilled Worker in the art, processes other than SOI, such as, 
for example, those using Waveguides in glass, silicon nitride, 
silicon oxynitride, Ill-V semiconductors, polymers, sol-gels, 
and linear and nonlinear optical crystals, or combinations 
thereof are also possible. An embodiment having a tWofold 
Wavelength dispersive device in the form of tWo merged 
prisms Will also be presented. 

FIG. 1 depicts a ?rst embodiment of the optical elements 
of a dispersive Fourier transform spectrometer of the present 
invention Where input light source 20 and optional input 
relay optics 22 illuminate aperture 24, Which has a diameter 
W. Subsequent aperture 24, Which can also be termed an 
input port, is input Wave 26 propagating toWards tWofold 
Wavelength dispersive device 28, Which is explained in more 
detail beloW. As input Wave 24 propagates through the 
tWofold Wavelength dispersive device 28, i.e. entering dis 
persive device 28 at an input section and exiting dispersive 
device at an output section, it is separated into tWo output 
beams 30 and 32 propagating generally toWards different 
directions. Wavefronts 34 and 36 of an input beam of 
wavelength 7» are shoWn at Wavelength dependent angle 
0(7»). Wavefronts 34 and 36 are respectively associated With 
output beams 30 and 32 and interfere to produce a spatially 
modulated optical ?eld distribution 38 (also referred to as an 
interference pattern) Which propagates through optional 
relay optics 40 (e.g., lenses and mirrors) toWards read-out 
device 42 Where it is detected. When more than one Wave 
length is present in the input signal, there Will be as many 
pairs of Wavefronts as there are Wavelengths. The interfer 
ence patterns of all the pairs of Wavefronts Will be included 
in the optical ?eld distribution 38. 
As Will be understood by a skilled Worker, read-out device 

42 can be, for example a linear detector array or a tWo 
dimensional detector array as are knoWn in the art. Read-out 
device 42 is in communication With processing means 44 
(e.g., a computer or a dedicated microprocessor) via an 
interface means (not shoWn), Which performs a Fourier 
transform of the signal provided by read-out device 42 to 
produce, for example, the optical spectrum of input Wave 26. 
A monitor 46, or any other such display device) in commu 
nication With processing means 44 and a storage means (not 
shoWn) can display the optical spectrum in question. 

It is to be noted that in the embodiment of FIG. 1, off-axis 
rays 48 contribute an error in the angle 0(7») Which propa 
gates as an error in the spatial frequency content of the 
optical ?eld distribution 38. In this case, the error scales as 
Sin2(e) Where e is the angle betWeen the off-axis rays 
delimited by aperture 24. This is a great advantage over 
conventional grating spectrometers Where the error scales as 

Sin(e). 
The input light source 20, optional input relay optics 22, 

processing means 44 and monitor 46 are common to all the 
embodiments that Will folloW. Accordingly, for purposes of 
clarity of illustration, these common elements Will generally 
not appear in the depictions of subsequent embodiments. 

FIG. 2a depicts another embodiment of the present inven 
tion Where the propagation of input Wave 26 and Wavefronts 
34 and 36 occur in planar Waveguides 50 and 52 respec 
tively. Planar Waveguides are knoWn in the art, and are 
described, for example, by Govind P. AgraWal in chapter 4 
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of LightWave Technology, Wiley, N.Y., 2004. FIG. 2b 
depicts an embodiment of FIG. 2a Where the twofold 
Wavelength dispersive element 28 includes multi-facet pla 
nar element 29. Multi-facet element 29 can be conceptual 
iZed as the juxtaposition, or the merging, of “prism 1” and 
“prism 2” as shoWn in FIG. 2b. Multi-facet element 29, or 
other types of prism-like elements, can be formed in planar 
Waveguides by using several techniques knoWn in the art. 
Such techniques include, for example, depositing a dielectric 
or metallic material over a prism region (also knoWn as the 
loading effect), creating an opening (Window) through the 
Waveguide layers, or in a part thereof, Which can be option 
ally combined With ?lling the WindoW With one or more 
advantageously transparent materials having refractive indi 
ces different than that of the planar Waveguide core. 

FIG. 3a depicts an embodiment of a dispersive Fourier 
transform spectrometer of the present invention Where the 
tWofold Wavelength dispersive device 28 of FIG. 1 includes 
tWo interleaved arrayed Waveguides 54 and 56. The arrayed 
Waveguides 54 and 56 shoWn in FIG. 311 each have 4 
Waveguides although any number of Waveguides is possible 
Without straying from the intended scope of the present 
invention. Arrayed Waveguides 54 and 56 can have their 
interference orders differ in magnitude, sign or both. As 
shoWn at the top left of FIG. 3a, arrayed Waveguides 54 and 
56 have regions 54-1, 54-2 and 56-1, 56-2 respectively. The 
lengths of the 54-1 sections (or the 56-1 sections) are made 
such that adjacent 54-1 (56-1) Waveguide sections of a same 
arrayed Waveguide differ in length by a value ALa (ALb). 
These differences in length can provide Wavelength disper 
sion. Furthermore, regions 54-2 and 56-2 can be optional 
depending on the given application utilizing the present 
invention. 

It can be advantageous to have the group index of sections 
54-1 and 56-1 modi?ed by, for example, modifying the 
Widths of these sections, as taught by O.M. Matos et al. in 
Proc. Optoel 05 Meeting, Pp. 419-434, Alicante, Spain, 
13-15 Jul. 2005. The group index modi?cation can be 
achieved by changing the cross-section dimensions for 
length segments of the Waveguides, or using Waveguides of 
different core and/or cladding materials. Modifying the 
group index e?fectively changes the optical path length of 
individual Waveguides. A particularly large group index 
modi?cation, and hence enhancement of dispersive proper 
ties, can be obtained by including in the Waveguide array 
sections of photonic bandgap Waveguides, grating struc 
tures, or resonators. FIG. 3c shows photonic bandgap 
Waveguide sections that can be formed in corresponding 
Waveguide arrays 55 and 57; FIG. 3d shoWs Waveguide 
arrays 59 and 61 having prating structures formed therein: 
and FIG. 3d shoWs Waveguide arrays 63 and 65 having 
resonators formed therein. 

It can be shoWn that an enhancement of dispersion due to 
group index modi?cation can be expressed in terms of a 
modi?ed interference order M as folloWs: 

An AL group 

A 

Equation (1) 
M = Mconv + Mgroup ~ Mconv + 

Where Mconv is the interference order in a conventional 
arrayed Waveguide grating device and Mgroup is the inter 
ference order enhancement due to the Waveguide group 
index modi?cation An row. 7» is the Wavelength of light, and 
AL is the difference in length of adjacent sections With a 
modi?ed group index. The interference order M of a 
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6 
conventional arrayed Waveguide device is Well knoWn in the 
art and can be expressed, for example, as equation 1 of M. 
K. Smith et al., IEEE J. Sel. Top. Quant. Electr. Vol 2, pp. 
236-250, 1996. 
An advantage of the transmission geometry shoWn in 

FIGS. 2a, 2b and 3a is that the input aperture 24 and the 
read-out device are in tWo different planar Waveguide 
regions hence avoiding vignetting. In such cases, relay 
optics 40 are not necessarily required for read-out of optical 
?eld distribution 38. 

Advantageously, the Waveguides of the arrayed 
Waveguides 54 and 56 can be coupled or joined together, for 
example by using y-coupling as shoWn in FIG. 3b, before 
they reach planar Waveguide 52. This reduces the separation 
betWeen the Waveguides in the region Where arrayed 
Waveguides 54 and 56 reach planar Waveguide 52. As Will 
be understood by a Worker skilled in the art, this in turn 
results in a suppression of higher diffraction orders in the 
planar Waveguide 52. 

FIG. 4 depicts an embodiment of the optical elements of 
a dispersive Fourier transform spectrometer of the present 
invention operating in a re?ection geometry. There, input 
Wave 26 stemming from aperture 24 propagates in planar 
Waveguide 53 toWards tWofold Wavelength dispersive 
device 58 Which includes an input section at the border 
region betWeen planar Waveguide 53 and dispersive device 
58, and is terminated at one end, also referred to as a 
re?ecting section by re?ector 60 or other re?ecting means as 
are knoWn in the art. The tWofold Wavelength dispersive 
device 58 includes tWo interleaved dispersive components, 
also referred to as interleaved Wavelength dispersive 
devices. Input Wave 26 transmits through dispersive element 
58 and is re?ected by re?ector 60. The re?ected signal again 
transmits through tWofold Wavelength dispersive device 58. 
Upon exiting tWofold Wavelength dispersive device 58, the 
optical signal for a wavelength 7» includes tWo Wavefronts 62 
and 64 With a Wavelength dependent angle 00») betWeen 
them. A spatially modulated optical ?eld distribution 66 
carrying information about the input Wave 26 is formed by 
Wavefronts 62 and 64. Such optical ?eld distribution 66 
subsequently traverses optional relay optics 40 and is 
detected by read-out device 42. 

FIG. 5 depicts a particular embodiment of the dispersive 
Fourier transform spectrometer shoWn in FIG. 4. Here, the 
tWofold Wavelength dispersive device includes tWo inter 
leaved truncated arrayed Waveguides 68 and 69 with differ 
ent Wavelength dispersion properties, the arrayed 
Waveguides being terminated With re?ectors 60. The inter 
leaved arrayed Waveguide 68 and 69 can have their inter 
ference orders differ in magnitude, sign, or both. Advanta 
geously, and as mentioned in relation to FIG. 3a, varying 
Waveguide lengths, typically With a linear increment, pro 
vides Wavelength dispersion. Also as mentioned in relation 
to FIG. 3a, the dispersion can be enhanced by Waveguides 
having sections With a modi?ed group index. Similarly to 
What is depicted in FIG. 3b, the Waveguides of the arrayed 
Waveguides 68 and 69 can be coupled or joined together, for 
example by using y-coupling, before they reach planar 
Waveguide 53. This reduces the separation betWeen the 
Waveguides in the region Where arrayed Waveguides 68 and 
69 reach planar Waveguide 53. As Will be understood by a 
Worker skilled in the art, this in turn results in a suppression 
of higher di?fraction orders in the planar Waveguide 53. 

FIGS. 6a and 6b depict another particular embodiment of 
the dispersive Fourier transform spectrometer shoWn in FIG. 
4. An input Waveguide 71 of aperture Width W illuminates 
planar Waveguide 70. As knoWn by a Worker skilled in the 
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art, the input Waveguide 71 can include any cross-section 
and be, for example, a buried Waveguide, a raised 
Waveguide, a loaded Waveguide, a ridged Waveguide, a 
striped Waveguide or a rib-type Waveguide. Furthermore, 
input Waveguide 71 can include tapered sections to adjust its 
Width as required by a particular spectrometer design. FIGS. 
60 to 6e shoW top and cross-sectional vieWs of an input ridge 
Waveguide joining a planar slab Waveguide. FIG. 6c shows 
input Waveguide 100 adjoining planar Waveguide 102. FIG. 
6d shoWs a cross-sectional vieW along the line A-A', Where 
substrate 104, bottom cladding 106, input ridge Waveguide 
core 108 and optional upper cladding 110 are depicted. FIG. 
6E shoWs a cross-sectional vieW of planar Waveguide 102 
along the line B-B', Where substrate 104, bottom cladding 
106, planar Waveguide core 112 and optional upper cladding 
110 are depicted. As mentioned above, di?ferent technolo 
gies can be used to fabricate such Waveguide structures. 
Input Waveguide 68 can be optional as the input aperture 
may be located directly at the edge of the slab Waveguide. 
As shoWn in FIGS. 6a, 6b and 7, light stemming from 

input Waveguide 71 illuminates interleaved arrayed 
Waveguides 72 (AWG 1) and 74 (AWG 2) in an angle lying 
betWeen rays 76 and 78. Arrayed Waveguides 72 and 74 are 
formed to have interference orders ml and m2 respectively 
and each arrayed Waveguide includes lengths of individual 
Waveguides having a re?ector 80 at their end. Light travers 
ing planar Waveguide 70 is coupled in arrayed Waveguides 
72 and 74, propagates along the lengths of the individual 
Waveguides making up the arrayed Waveguides and is 
re?ected back out of the Waveguides by re?ectors 80. The 
light output from arrayed Waveguides 72 and 74 then 
propagates again through planar Waveguide 70 toWards 
off-axis mirror 82, Which can include a Waveguide mirror. 
Alternatively, the illumination of planar Waveguide 70 can 
also be achieved With light input means other than 
Waveguiding means such as input Waveguide 71. 

It can be appreciated that by interleaving arrayed 
Waveguides 72 and 74, beam-splitting and combining are 
achieved, thus obviating the need for dedicated beam 
splitter and combiner elements. 

It is advantageous to choose a constant length di?ference 
AL betWeen adjacent lengths of Waveguides of a same 
arrayed Waveguide as shoWn in FIG. 7 in relation to arrayed 
Waveguide 74 (AWG 2). For a given arrayed Waveguide, the 
length difference can be chosen to be AL:m}ta/(2ne?), Where 
Ad is the designed free space Wavelength for Which the phase 
difference betWeen adjacent lengths of Waveguides in the 
given arrayed Waveguide is Aq):2rcm. The values In and ne? 
are respectively the order of the given arrayed Waveguide 
and the effective index of the fundamental Waveguide mode. 
As the Wavelength changes from the LittroW Wavelength, 

the LittroW Wavelength being the Wavelength at Which the 
tWo Wavefronts emerging from arrayed Waveguides 72 and 
74 are parallel, the tWo Wavefronts tilt With respect to each 
other in planar Waveguide 70, thereby forming an angle 
60»). According to the knoWn arrayed Waveguide angular 
dispersion relation (see eg M. K. Smith and C. van Dam, 
IEEE J. Sel. Top. Quant. Electr. Vol 2, pp. 236-250, 1996), 
the rate of change of the angle 60») With respect to Wave 
length is given by: 
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Equation (2) 
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Where Act and A are respectively the divergence angle and 
the pitch of the Waveguide array as shoWn in FIG. 7. 
Furthermore, f is the focal length of the interleaved disper 
sive device formed by arrayed Waveguides 72 and 74. This 
focal length is in fact equal to the radius of curvature of arc 
84 shoWn in FIG. 7. Arc 84 is de?ned by the line along 
Which the re?ector-free ends of the lengths of Waveguides of 
arrayed Waveguides 72 and 74 lie and ns is the effective 
mode index of planar Waveguide 70, and ng is the group 
index of the array Waveguide fundamental mode. 

In the case Where the interference orders of arrayed 
Waveguides 72 and 74 are different, the Wavefronts stem 
ming from arrayed Waveguides 72 and 74 yield a spatial 
light intensity modulation having a Wavelength dependent 
period d0»). For example, for tWo arrayed Waveguides 
differing solely in the sign of their interference order m (e. g., 
arrayed Wave guide 72 has an interference order m While 
arrayed Waveguide 74 has an interference order —m), equa 
tion (2) yields dG/d7F2m/(nSA). A real image of the light 
intensity modulation along the object plane (i.e., located 
near arc 84) can be formed by off-axis mirror 82 along the 
image curve 86 as shoWn in FIG. 6b. As is knoWn in the art, 
a read-out device can be disposed along curve 86 to detect 
the image. 
The re?ectors 80 can be formed, for example, by a 

metalliZed trench etched vertically through the Waveguiding 
layers. The read-out device can be an array of Waveguides, 
photodetectors, gratings, couplers, Waveguide mirrors, and 
other knoWn optical sampling elements. As mentioned in 
relation to FIG. 3b, adjacent lengths of Waveguides of 
arrayed Waveguides 72 and 74 can be advantageously 
coupled or joined together before they reach arc 84. 

FIG. 8 depicts another particular embodiment of the 
dispersive Fourier transform spectrometer shoWn in FIG. 4. 
HoWever, in FIG. 8, a Waveguide lens 88 (or other lens 
means as are knoWn in the art) is provided in lieu of off-axis 
mirror 82. Such Waveguide lens 88 can be a single or a 
multiple element lens formed by modifying the refractive 
index of a part of Waveguide layers or by substituting a part 
of the Waveguide layers by a material With a different 
refractive index, as is knoWn in the art. The image formed 
by Waveguide lens 88 can be detected by a read-out device 
disposed along image curve 90. As in previous embodi 
ments, adjacent lengths of Waveguides of arrayed 
Waveguides 72 and 74 can be advantageously coupled or 
joined together before they reach arc 84. 

The embodiment of FIG. 8 has been modeled assuming a 
silicon-on-insulator (SOI) Waveguide platforms With a 2 pm 
thick silicon Waveguide core. A ?rst of the tWo interleaved 
arrayed Waveguides has an interference order m:4l While 
the other has m:—4l. Each arrayed Waveguide has N:255 
Waveguides (hence total 510 interleaved Waveguides) With a 
constant length increment of AL:8.6 um and a Waveguide 
pitch A:7.8 pm. This corresponds to a theoretical di?fraction 
limited resolving poWer of R:20,9l0 and a Wavelength 
resolution of A7»~0.07 nm at a LittroW Wavelength of 1500 
nm. Furthermore, the length of the planar Waveguide is f:4 
mm, Which is also equal to the radius of curvature of arc 84 
(FIG. 7). Input Waveguide 71 of FIG. 8 is modeled as a 
Waveguide lens doublet of Si3N4 of refractive index n~2 
embedded in a Si planar Waveguide. The ?eld distribution 
(interferogram) formed by the Wavefronts emerging from 
the arrayed Waveguides is spatially sampled at 960 points 
along image curve 86 by sampling Waveguides spaced at a 
pitch of 2 pm. Results of simulations appear in FIGS. 9a, 9b, 
10a and 10b. 






